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Supplementary material for the experimental results
1.1
Seed aerosol composition 1.1.1 Experiments with hydroscopic seed aerosol (expts. 1-14) Figure S1 shows the temporal evolution of NH 4 /SO 4 in (mol mol -1 ). Seen by the different ratios and temporal evolution, the experiments were performed with different seed compositions even when nebulizing always the 5 same concentration (1g L -1 ) of NH 4 HSO 4 solution in ultrapure milli-Q water.
We estimate that 1 ppbv of gaseous NH 3 was needed to neutralize 4 µg m -3 NH 4 HSO 4 to (NH 4 ) 2 SO 4 using the following formula: During experiments 1-6, the molar ratio between NH 4 and SO 4 represents an acidic seed condition. We claim that during those experiments the more highly concentrated H 2 SO 4 solution (0.1 M) in the HONO source was the reason for it. The following calculation shows an estimation of how much H 2 SO 4 was needed to be added to the SC to form NH 4 HSO 4 from originally present (NH 4 ) 2 SO 4 . Assuming the highest seed concentration added to the 15 chamber: 8 µg m -3 (NH 4 ) 2 SO 4 (= 6 × 10 -8 mol/m³ (NH 4 ) 2 SO 4 ) yields 1.6 × 10 -6 mol (NH 4 ) 2 SO 4 for the full 27 m³ PSI smog chamber. To form NH 4 HSO 4 from this, 1.6 × 10 -6 mol H 2 SO 4 = 1.6 × 10 -4 g= 0.16 mg ≈ 0.1 µL H 2 SO 4 would have to be injected to the chamber. In terms of solution injected this means for the 0.1 M H 2 SO 4 solution:
1 µL was most probably injected into the chamber.
The neutralization was confirmed by nebulization tests of (NH 4 ) 2 SO 4 and NH 4 HSO 4 resulting in apparent 20 relative ionization efficiencies (RIE) of 1.1 and 0.55 for SO 4 , respectively, if no chemical transformation is assumed. The RIE is defined as ionization efficiency (IE) of a compound normalized to the IE of NO 3 in the HRToF-AMS. Because these compounds are both believed to thermally decompose to NH 3 and H 2 SO 4 /SO 3 +H 2 O prior to ionization, a dependence of the anion RIEs on the parent compound is unlikely. Thus the observed ratios rather indicate neutralization of NH 4 HSO 4 to (NH 4 ) 2 SO 4 between nebulizer and measurement. 25 Figure S1 . Molar ratio of ammonium to sulfate (NH4/SO4) as a function of time after lights on. Seed composition during experiments 1-6: SA & AHS due to significant concentration of H 2 SO 4 added. Note that the ratio of NH 4 /SO 4 in pure ammonium sulphate injected in the AMS changed in different days by 20%, which would explain some of the 5 scattering in the NH 4 /SO 4 ratio at the beginning of experiments 7-14. The increase of this ratio during these experiments to values above 2 could not be explained. This increase could not be fully attributed to inorganic nitrate formation (here considered to be more likely organo-nitrate), as the nitrate molar concentrations are one order of magnitude lower than ammonium concentrations (especially under low NO X conditions). Also, as the aerosol was dried we do not expect interference from water on ammonium concentrations.
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1.1.2
Experiments with hydrophobic seed aerosol (expts. 15-17) Figure S2 shows the distinct mass spectrum (MS) of the fluorinated carbon seed (hydrophobic CF-seed) aerosol. Table S1 lists the corresponding relative intensities compared to CF 3 of each major ion. The HR-ToF-AMS high resolution analysis is a good tool to distinguish between α-pinene SOA and the hydrophobic CF-seed ion peaks 15 in the mass spectrum. The decay rate constants of the hydrophobic CF-seed concentration in the smog chamber could thus easily be estimated by fitting the sum of three main ions (CF 2 , CF 3 , C 2 F 3 O). 
Transmission and collection efficiency correction of the HR-ToF-AMS
During experiments 9, 10, 12 and 14-17, the transmission efficiency of one of the two PM 2.5 lenses used in the HR-ToF-AMS was sub-unity for particles up to vacuum aerodynamic diameters (d va ) of 230 nm, the region where the organic : sulfate ratio is highest. The not-transmitted aerosol was accounted for by means of HR-ToF-AMS and SMPS comparison. The sulfate seed and hydrophobic CF-seed mass distributions were captured well within the measurement region by both, HR-ToF-AMS and SMPS. The seed volume concentration V seed was determined by applying the loss rate constant of the hydrophobic CF-seed (k CF ) or sulfate (k SO4 ), respectively, to the measured initial SMPS volume concentration V initial . E.g.: ) or accordingly with k CF for the hydrophobic CF-seed. The additionally formed organic volume concentration ΔV SMPS was derived from the difference of total and seed volume concentration (V Org,SMPS = V total -V seed ). The method is displayed in Figure S3 . The collection efficiency (CE) of organics (CE org ) in the HR-ToF-AMS in turn was determined by the ratio of V org,AMS and V Org,SMPS shown in Figure S4 . HR-ToF-AMS mass concentrations divided by the corresponding densities of the species yielded the HR-ToF-AMS volume. CE org was ~ 0.55 for experiments 12 and 14 with lower RH and ~ 0.75 for experiments 9 and 10 with higher RH. The hydrophobic CF-seed experiments showed a CE org of 1. This trend is also size driven, affected by sub-unity particle transmission efficiency for small particles.
The remaining experiments were conducted with the second PM 2.5 lens, which exhibited good transmission efficiency at lower d va . The SMPS upper diameter cut off for experiments 1-6 was set to 600 nm mobility diameter instead of the standard 1000 nm in this study and thus the HR-ToF-AMS volume exceeded the SMPS volume. Therefore, a CE org of 1 was assumed for experiments 1-6, in which only liquid-phase particles were expected. The CE org for experiments 7, 8, 11 and 13 were between 0.7-0.9. All organic mass concentrations and SOA yields given in this study are corrected by dividing the measured values by the collection efficiency, summarized in Table S2 . 
Analysis of the influence of experimental conditions on yields using a multi-linear analysis
The influence of the experimental conditions on the calculated yields was investigated using a multilinear analysis technique. Different models were explored using the following sets of independent variables: (i) Model 1: α-pinene concentration, RH, seed concentration, and NO x /VOC ratio;
(ii) Model 2: Model 1 + consideration of a first order interaction term between RH and NO x /VOC ratio (i.e.
the compounds formed at high and low NO x interact differently with water).
(iii) Model 3: Model 1 + consideration of the influence of the seed composition. This was achieved either by considering independently the different seeds as fitting variables or by considering the interaction between RH and the seed chemical nature (i.e. SOA compounds interaction with water depends on the seed nature). The seed nature was parameterized using discrete binary values. We did not observe a statistically significant correlation between yields and seed nature, but rather between yields and the first interaction term between RH and seed composition (RH* SeedNature). The models' residual distributions are examined in Figure S9 . The model that represented best the experimental data is model 3, the results of which are reported in Table S3 and discussed in Sect. 3.1 in the main text. For this model, there is not enough evidence showing that the model residuals are not normally distributed (adjusted Jarque-Bera Lagrange multiplier test (Jarque and Bera, 1980) , critical value = 2.8), for both low and high RH cases (shown in orange and blue, respectively). The model mean bias is 2% and the estimated error is 25%
within the estimated measurement uncertainties, showing that the parameters considered may be sufficient to explain the variability in the data. Model 3 explains the observations significantly better than model 1 and 2
(variance equality F test, p<0.01), where standard errors are on average 50% and the mean bias >10%. The multivariate analysis shows that the yields are independent of the seed concentrations, but are a function of α-
Model 1
Residuals fit for Model 3
Model 2 pinene concentration, RH, seed composition, and NO x /VOC ratio. We did not observe a significant interaction between RH and NO x (model 2). 
1.9
Evolution of aerosol size distributions and total particle number concentration Figure S12 . Evolution of size distributions. Measured organic, SO4, NH4, NO3 mass distributions for OH exposures of 0×, (0.5 ± 0.2)×, (1.0 ± 0.3)× and (2.0 ± 0.5) × 10 7 cm -3 h. Black lines represent estimated liquid water content (RH and individual GFs given for each experiment, method described in main text). The calculated dry and wet surface distributions are shown on the right axes. Number of each experiment is given on the left edge (1, 5, 6). Table S Figure S15 . Equilibrium phase partitioning for cases org, id and sd between gas phase (blue), organic-rich phase (green) and electrolyte phase (red) at low (25 %) and high (60 %) RH for experiment 13, volatility distribution #45. c1: diaterpenylic acid acetate; c2: 3-MBTCA, c3: ValT4N9, c4: ValT4N10, c5: 3-hydroxyglutaric acid, c6: pinic acid, c7: hopinonic acid, c8: norpinic acid, c9: 2-hydroxyterpenylic acid, c10: 10-oxopinonic acid, c11: 4-oxopinonic acid, ammonium sulfate (AS), water (w), and the sum (c1-c11).
